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Arterial and Venous Reconstruction for Free Tissue Transfer
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Objective. To review our experience with temporary arteriovenous (AV) fistula followed by free tissue transfer in the
treatment of diabetic foot ulcers associated with peripheral arterial occlusion.
Patients and method. From July 1997 to July 2002, 15 lower extremities were operated in 14 patients. An AV loop with its
apex below the medial malleolus was created between popliteal artery and saphenous system. Three weeks later, the loop was
divided to provide an artery and a vein end. Foot defect was covered with latissimus dorsi muscle flap followed by split
thickness skin grafting.
Results. Fistulas were patent in 12 extremities. Free tissue transfer was performed in 13 extremities. Two free flaps failed.
After patent temporary arteriovenous fistula, free tissue transfer was successful in 11 of 12 extremities. One patient was
amputated below knee due to ongoing infection despite successful free tissue transfer. Early mortality rate was 7%. Limb
salvage was achieved in 11 of 13 extremities that staged operation was performed. Overall extremity loss was four of 15 lower
extremities in 14 patients. Overall mortality was 21% for mean 20 follow-up period.
Conclusion. Temporary AV fistula and free flap may provide stable wound coverage and high rate of limb salvage in
treatment of diabetic foot ulcers with large tissue loss.
Key Words: Diabetic foot ulcers; Lower extremity ischemia; Temporary arteriovenous fistula; Free tissue transfer.
Introduction
Diabetic foot ulcers result from varying degrees of
peripheral neuropathy, infection and ischemia,1 the latter
often due to infrapopliteal disease. In patients with large
tissue defects, deep space infection, osteomyelitis or
exposed tendon, or bone, the limb may be lost despite
successful revascularization.2,3 Such patients may benefit
from additional free tissue transfer.4–8 Furthermore,
Atiyeh9 created a temporary arteriovenous J-loop fistula
from patent popliteal artery to the greater saphenous
vein at the ankle level using contralateral saphenous vein
graft, followed by free tissue transfer performed by
dividing the fistula apex. Here we report our experi-
ence with a modification of this technique.
Patients and Method
Fifteen lower extremities in 14 diabetic patients with
foot ulcers were selected for this staged operation from
July 1997 through July 2002 on the basis of their
underlying lower extremity arterial occlusion and
large tissue loss of their foot. All patients were male,
with an average age of 63 years (range, 47–73 years).
Free flap candidates were evaluated and treated in a
collaborative effort of the surgery and plastic surgery
clinics. Patients with diabetic ischemic foot wounds
not healed by transmetatarsal amputation or having
gangrene at the toes and dorsum of the foot with
probable tissue loss at metatarsal level after debride-
ment of these lesions, and patients having toe
gangrene with pus collection along the plantar fascia
due to infection, in whom no healing by local tissue
regeneration after debridement and drainage, were
selected for free flap. Prompt surgical drainage of deep
space infection or local debridement of devitalized
tissues were required before the extent of tissue defect
could be determined. All patients underwent pre-
operative lower extremity arteriography. As angio-
graphic criteria, patients with infrapopliteal occlusion,
having no pulses at the ankle level, and patients
expected to have no pulse at the ankle level after
femoropopliteal bypass were included into the study.
All patients were previously ambulatory and lived
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independently. Patients excluded from the study were
summarized in Table 1.
In case of angina and electrocardiographic evidence
or history of myocardial infarction cardiac screening
test, dipyridamole-thallium scanning and subsequent
coronary angiography was done. Three patients were
investigated with myocardial perfusion scintigraphy
by recommendation of the consultant cardiologist.
Two of three patients were done coronary angio-
graphy. One patient needed coronary bypass surgery
before free flap operation.
The posterior tibial artery was explored in all
patients by vertical incision posterior to the medial
malleolus, after inflow artery was prepared. However,
no anastomosis was done, if tibial artery was
occluded. For temporary arteriovenous connection,
greater saphenous vein was approached by vertical
incision anterior to the medial malleolus or lesser
saphenous vein was explored by vertical incision
behind the lateral malleolus. Distal bypasses and
temporary arteriovenous connections were created
by a vein graft harvested from the contralateral or
ipsilateral leg. The vein graft was anastomosed in an
end-to-side fashion to the inflow artery and was
routed subfascially to the vertical incision behind the
medial malleolus whether or not it was anastomosed
in a side-to-side fashion to the tibialis posterior artery.
After the graft was passed through inferior to the
medial malleolus, venous connection anastomosis was
performed in an end-to-side fashion to the ipsilateral
greater or lesser saphenous vein (Fig. 1(a) and (b)).
In the last five cases, while using a medial approach
to the popliteal artery below the knee, the ipsilateral
saphenous vein was freed through the same incision
made over it. In these cases, the greater saphenous
vein was divided just below the knee, the proximal
part of it was harvested as graft material and the distal
part was immediately anastomosed to the popliteal
vein just near the popliteal artery below the knee
(Fig. 1(c)). In one case, in situ distal part of greater
saphenous vein was anastomosed to the tibialis
posterior vein at the supramalleolar level (Fig. 1(d)).
In these cases, all other anastomoses were performed
Fig. 1. Creation of temporary arteriovenous connection. (a) was
performed in patients 1–3, 5, 6–8. (b) was done in patient 4 and
the other leg ofpatient 1. (c)our favor technique,was performed
in patients 9–13. (d) was used in patient 14. Anastomosis was
not performed when a tibialis posterior was occluded. These
procedures can be summarized as follows: an arteriovenous
loop with its apex at the ankle is prepared. The only material of
this loop is the saphenous vein. The descending arm of the loop
is anastomosed to an inflow site of the artery with sufficient
flow and enabling a safe anastomosis. Blood supply to the foot
was established by side-to-side anastomosis to arteria tibialis
posterior, if it had a suitable lumen in the ankle region. The
ascending part of the loop is the last portion of the saphenous
vein conduit after surrounding the medial malleolus from
below. The conduit is anastomosed to the saphenous vein
(magna or parva) at the malloeolar region. Main part of the
ascending arm of the loop is composed of the in situ saphenous
vein. This saphena magna ends via an anastomosis to a deep
vein (popliteal or posterior tibial vein) or in its natural
connection (common femoral vein).
Table 1. Exclusion criteria.
Achieving limb salvage by conventional methods
Patients who were not ambulatory before the wound
Advanced sensory loss of at the heel
Neuropathic ulcers with at least one distal pulse
Thrombophlebitis or varicosities at the saphenous vein
Deep vein thrombosis
Forefoot wound or gangrene progressed to the ankle
Intractable foot infection progressed to the proximal to the ankle
Extensive gangrene in the foot including the heel
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Table 2. Vascular reconstruction characteristics before free tissue transfer.
No. of patients Inflow Sequential anastomosis Foot revascularization Fistula connection Venous drainage Vascular graft material
1 Left proximal PA – ATP VSM – Contralateral VSM
2 Left distal PA – ATP VSM – Contralateral VSM
3 Right distal PA – – VSM – Contralateral VSM
4 Left distal PA – – VSP – Ipsilateral VSM
5 Left common FA PA ATP VSP – Ipsilateral VSM
6 Left distal PA – – VSM – Contralateral VSM
1* Right distal PA – – VSP – Contralateral VSM
7 Right proximal PA Distal PA – VSM – Contralateral VSM
8 Right distal PA – – VSM – Contralateral VSM
9 Right distal PA – – VSM V. poplitea Ipsilateral proximal VSM
10 Right distal PA – – VSM V. poplitea Ipsilateral proximal VSM
11 Left distal PA – ATP VSM V. poplitea Ipsilateral proximal VSM
12 Right distal PA – ATP VSM V. poplitea Ipsilateral proximal VSM
13 Left distal PA – – VSM V. poplitea Ipsilateral proximal VSM
14 Left distal PA – ATP VSM V. tibialis post. Ipsilateral proximal crural and supragenicular VSM
*Second operation for other leg of same patient after two years. PA popliteal artery, ATP, arteria tibialis posterior, VSM, vena saphena magna, VSP, vena saphena parva.
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Results
From July 1997 to July 2002, 15 extremities with
chronic critical ischemia in grade III, category 6
according to SVS/ISCVS criteria10 were operated in
14 diabetic patients. Vascular reconstruction charac-
teristics of 15 arteriovenous loop fistula procedures are
included in Table 2.
Twelve of the temporary arteriovenous fistula were
patent in the postoperative waiting period with a
patency rate of 80%. Free flap operations were
performed in these patients after mean 16 days
(range 6–35). Free tissue transfer was done in one
patient although arteriovenous fistula was insufficient.
Skin defects at the flap border were seen in three
patients. One of them required regrafting.
Two free flaps failed. Flap failures occurred within
the first 30 days. One of these patients lost his leg, the
other’s foot revascularized by tibialis posterior artery
was healed by wound care. One successful flap and
graft required a below knee amputation for ongoing
infection in the surrounding soft tissues. In this
patient, recurrent debridements were also necessary,
as the flap did not adhere to the underlying wound
due to ongoing infection and necrosis. And then below
knee amputation was performed since he lost his heel.
In this case flap was used for amputation stump to
cover it and to aid in the fitting of prosthesis.
After patent temporary arteriovenous fistula, free
tissue transfer was successful in 11 (92%) extremities.
Mean hospital stay was 46 days (range, 35–78). Mean
ambulation time was 63 days (range, 54–72). Long
term follow-up was available for an average of 20
months (range, 0.1–61 months). Limb salvage and
ambulation were achieved in 11 (85%) of the 13
extremities in which a staged operation was per-
formed (Table 3).
One patient died from myocardial infarction on the
4th postoperative day, resulting in an in hospital
mortality rate of 7%. Two patients died during follow-
up: one from myocardial infarction, and the other from
stroke. The five-year survival rate was 56% according
to the Kaplan–Meier method.
Discussion
Free flaps provide improved blood supply to compro-
mised wounds of diabetic patients with lower extrem-
ity occlusive disease and can also provide stable
coverage to larger defects. Although this technique
has merit in selected patients, there should be no
question of the patency of vascular inflow11 and
venous return at the time of flap anastomosis.
In free flap transfer, when primary anastomosis is
not possible, interpositional vein grafts are needed to
extend the flap pedicle. However, interpositional vein
grafts are associated with a 27% thrombosis rate.12 A
staged transfer of a free flap after the primary
establishment of a temporary arteriovenous fistula
gives the best chances for adequate vascularization of
the flap and reduces the risk of thrombosis.13 Our
attempts to treat complex foot defects, even in the
absence of the distal anastomotic site for foot
revascularization grafts, aim to establish arterial and
venous reconstruction for the success of free tissue
transfer in the diabetic patients. Musculus latissimus
dorsi is a broad flap with a long pedicle and is usually
not affected from atherosclerosis.14 In some cases, in
spite of a muscle larger than the defect, we preferred to
use latissimus dorsi due to its larger vascular outflow
capacity that improves vascular graft patency. How-
ever, m. lattisimus dorsi is not the only choice of flap in
such operations.
There are different opinions about the timing of the
Table 3. Results of staged operations and major events in follow-up period.
No. of patients TAVF success Free tissue transfer Flap success Limb salvage Major events
1 þ þ þ þ Contralateral foot wound after 2 years
2 þ þ þ þ
3 þ þ þ þ Late death
4 þ þ þ þ In hospital death
5 2 þ 2 2 Late death
6 þ þ þ þ Aortocoronary bypass
1* 2 2 2 Above knee amputation
7 þ þ þ 2 Below knee amputation
8 2 2 2 Above knee amputation
9 þ þ þ þ
10 þ þ þ þ
11 þ þ þ þ
12 þ þ þ þ
13 þ þ þ þ
14 þ þ 2 þ
*Second operation for other leg of same patient after two years. TAVF, temporary arteriovenous fistula.
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operations. Free flap coverage can be performed
simultaneously,15 or in a week waiting period after
arteriovenous fistula operation.13,16,17 Delaying free
flap operation may have benefits, including assessing
of graft patency, and providing optimal wound care.
Staged technique also permits a reduction of the
operating time spent on each surgical procedure, an
obvious advantage when considering questions of
staffing and planning.13 However, if the fistula is
created without performing direct revascularization
below the knee, and if two or more minor revisions are
required after performing the fistula, free tissue
transfer should not be delayed. In such cases, the
need for recurrent revisions may indicate worsening of
ischemia due to steal phenomenon. The time elapse
while waiting for the flap transfer may necessitate
revision. Every new debridement may make critically
ischemic tissue more vulnerable.
The 7% postoperative early mortality rate is similar
in which recent series of free flap coverage after bypass
grafting reported operative mortality reaching to 10%
of patients.14,18 – 21 Diabetes is the strongest predictor
of mortality in combined free tissue transfer and
infrainguinal bypass graft operations. The timing of
bypass grafting relative to flap construction has no
effect on outcome.21
Fig. 3. Nonhealing foot wound. Candidate of temporary arteriovenous fistula and free tissue transfer operations (a).
Temporary arteriovenous fistula surrounding inner malleolus was marked for free tissue transfer. Plantar fascia was
debrided and skin would been incised toward fistula apex (b). Free tissue transfer was performed and covered split thickness
skin grafting (c). Patient could walk with salvaged foot (d).
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Limb salvage and ambulation are achieved in 11,
84.6% of 13 extremities that staged operation was
performed. In recent series of free flap coverage after
bypass grafting, long-term ambulation is being
achieved in 60–90% of patients.14,18 – 21 The 56%
5-year expected survival rate is comparable to the
rate of combined free tissue transfer and infrainguinal
bypass operations21 and to rates commonly accepted
after bypass grafting alone for limb salvage.22,23 In the
diabetic patients, the 5-year mortality rates of lower
extremity major amputation were reported as 39–
68%.24,25 It was also reported that after 1 year the
majority of amputees had low walking skills and
limited distance.26 Comparable mortality rates after
quick amputation should force improving and making
our technique safer instead of completely leaving it.
On the other hand, one can surely not neglect the
importance of walking on own feet after a successful
free tissue transfer (Fig. 3).
Ulcer recurrence in the same leg reflects the
persistence of the underlying etiology, including
neuropathy, infection or ischemia. However, new
ulcer was not detected in our series since patients
with severe neuropathy were excluded. Indirect
revascularization via flap was probably successful to
remove ischemia whether or not direct foot revascu-
larization. Prompt surgical drainage of deep plantar
fascia and debridement of devitalized tissues pro-
vided to control the infection except one. Another
problem during long-term follow-up is the develop-
ment of a diabetic ulcer in the other foot. In diabetic
patients undergoing major lower extremity amputa-
tion, the expected risk of extremity loss in the
remaining leg is around 50% during the following 5
years.27 Two results can be concluded from this: it
supports our radical procedure and emphasizes the
need to use the own capacity of a foot for its salvage.
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